BRL

M-1108

c. 1A

RE"IRENC E ONLY, - i

10 || ﬁl

it :‘i i

’ i1 nl i '1
i 1l
gg LI LI
5e ,
o Ml il
i |
Eg MEMORANDUM REPORT No. 1108
ig OCTOBER 1957

-

I Aerodynamic Properties

P . -
%é Of A Caliber 0.50 Bullet
it
: With Reflex Boattail
;
%% TECHNICAL LYBRARY
%;i ABERDEEN PROYING GROUND, P- 21000
i MAYNARD J. PIDDINGTON
!
iz
i
gg DEPARTMENT OF THE ARMY PROJEGT Ne 3B03.03.001 4 §

f ;‘i ORDNANCE RESEARCH AND DEVELOPMENT PROJECT Ko l,{"& ‘y

g ;,S BALLISTIC RESEARCH LABORATORIES ,

e R T

ABERDEEN PROVING GROUND, MARYLAND



Destroy when no longer
needed. DO NOT RETURN

T w W



BALLISTIC RESEARCHE LABORATO-RIES
MEMORANDUM REPORT NO, 1108

OCTOBER 1957

AERODYNAMIC PROFERTTES OF A CALIBER O.50 BULLET
WITH REFLEX BOATTAIL

Maynard J. Piddington '

3 -y

TECENICAL :.mm““
AMXBR-LB (Bldg. 30 -
ABERDEEN PROVING GROUND, MD. 21005

Requests for additlonal coples of this report will be made direct tc ASTTA.

Department of the Army Project No. 5B03-03-00L
‘Ordnance Research and Development Project N&. TB3-0108

ABERDEEN PROVING GROUND, MARYLAND



ABSTRACT . . .
INTRODUCTION .,
RESULTS . . .
CONCLUSIONS .

REFERENCES . .

TABLES AND FIGURES

Page

o 0 W

10



BALLISTIC RESEARCEH LABORATORTIES

MEMORANDUM. REPORT N0, 1108

MJPiddington /mmv
Aberdeen Proving Ground, Md.
Qcteber 1957

AERODYNAMIC FROPERTIES OF A -CALIEER 0.50 BULLET
WITH REFLEX BOATTAIL

ABSTRACT

The aerodynamic charscteristics of 'a caliber 0.50 bullet with
reflex boattall and a modification of this 'deslgn are presented and

discussed.



INTRODUCTION

It is'a commonly known fact that a projectile in supersonic flight
experiences a congidersble increase in drag relative to its subsenic value.
In the past, many designs have been suggested end tested with the common
hope that this supersonic drag could be reduced. Tt was with this idea
that Mr. K. . W. Horton of Watervliet Arsenal .designed. and tested* the bul-
let shown in Figure 1,

The projectile consists of a one-caliber long cylindrical section
with symmetric nose and tail sections. The nose, or tall, section 1s formed
¢f portions of two .oglves., The forward part of the nose is concave and 1=
formed from the arc of a clrele tangent to the axis at the tip of the nose.
A second c@nvm:--ogive, -of different radius and centered on the perpendicular
bisector of the model, completes the surface. This curve is tangent to the
forvward end reer sections and secant to the cylindrical section, fore and
aft.

Mr. - Horton .s{;rongly felt that thie deslgn would greatly reduce the
drag of standard smenitions at supersoni¢ velocities. The Ballistic Research
Laboratories was asked by the Patent 8ection at the Springfleld Arsenal for
an evaluation of Mr. Horton's claims.

Since the specifications of radil in Figure 1 did not give a smooth
Junction of -the two cireciles, the radius of the larger circle was slightly
altered for a proper tangency condition.

Models of the Horton projectile were manufactured according to Figure 2A _
and fired through the Aerodynemics Range from & 0.50 celiberil/30-fwist.gun. The
maln gbjectlive of 'thése firings wes to determine whether or not the drag of
the Horton Projectile was substantially lower than the drag of standard
small arma ammunition.

¥ The tests were of an indirect nature and did net involve measurettent of
the drag or retardation. Basically, inferences were .drawn from differences
in drop of the new and the o0ld bullets &8s measured at various ranges, at
best, a very delicate procedure.



The results of these firinge will be more fully discussed later in this
paper, but in essence, they reveal that the drag of the Horton projectlle is
congliderably higher than the drag -of the more conyentional projectiles fired
at supersonic velocities (Fig. 6).

An examination of the photographic plates, however, did reveal interest-
ing after-body flow characteristics, i.e., very smell wake diameter, (Fig.. 5)
which warranted further investigstion. As a result, a new projectile (Figxl-'EB)
wag. manufactured converting the nese to the proper eecant ogive with e rounded
vip to insure & minimum head drag for the Horton's head length¥. The tail
section remained the same except for the removel of .sbout 3/8 inch from the
end .since the flow separated at this point. For purpeses of this paper thise
model will be referred to as "Modified Horton". Some physical properties
for both shell sre tebulated in Table I. '

The purpose of this program was twofold: first, to study the dreg as
compared to that of the more conventional shapes: and secondly, to observe
the effects on the remalning aserodynemic coefficients due to the reflex boat- r
tailing. A spark photograph of one of these rounds is.shown in Figure Yy,

Since the Hortoil rounds, being a part of a pure dreg study, were fired .
8t gssentially zero yaw, it was desirable to produce yaw on about half of
the Modified Hortons so that yaw properties could be studled. Yaw wae indu-
ced by attaching a half barrel 1/2 inch long to the end of the gun tube.
Ther as the shell emerged from the gun, the pressure differential sbout the
round would cause the model to yaw initially. This method performed success-
fully giving from 2 to 5 degrees of yaw. The results of both progrems are
glven in the remaining section of thls report.

* The head length of the Modified Horton is too short in compariscn
with some modern bullets. This, of course, is principally responsible
for its high. drag.

o~



RESULTS

Dreg

The drag force coefficient, KD, wag obfained from both programs by
fitting & cubic equation to the time-distance data for each round. KD -was
refuced to zero yaw by the relationship: '

Rkt T

where
KD = zero yaw drag coefficient
0]

KD o = yav drag coefficient
B

62 mean squered ysaw.

A yaw drsg coefficilent, lCD o = 1.0 per redian squared, obtained at M = 2.4
was used for all the rounds tested.

Figure 5 compares the drag coefficlents of the orlginal and modified
Horton projectiles. Higher drag of the original arises largely as a result

of its peculiar head shape. In figure 6 these dreg curves are further com- : .-

pared, primarily, with the drag curvee of other small caliber, body-engraved
projectiles.l The drag of the Horton projectile 1e higher than any of the
other configurations even the square-based, ah.or‘t-ogive,' ecal, 0.60 T32, The
drag of the madified Horton is less than that of the Horton projectile and '
th.e T32 but still greater than that of the boattalled, long-ogive, cal.
0.50 M8, Most of the drag difference between the M8 and the modified Horton
1s probably accounted for by the short head length of the modified Hor‘t‘.on.2
Yaw

Standard yaw red.u,czt.:l.oms3 were performed by fitting an epicycle curve
10 the 'ya.w:Lng histories for those rounds for which there was sufficient yaw
to0 produce reliable aerodynamic coefficients, This procedure was limited
mainly to the Modified Horton but included two of the Horton rounds. A
sumary of these various coefficients are given in Table 2.



The overturning moment and the 1lift coefficients are given in Figure T,
along with the center of pressure from the nose.

The yew demping moment, . KH - KMA’ and Magnus torque, Iqr, coefficients
are glven in Figure 8. The Magnus torque is rather unusual, by becoming
large poslitive so early in the supersonic regime., The transition from nega-
tive to positive values, for boattalled projectiles, usually occurs at tran-
sonic speeds. However, such early change of sign of KT may be due to an
exceptionally steep boattail angle of the order of 17° not usually encounter-
ed in more conventional designs. ©&uch behavior of the Magnus torque ia
reflected in the yaw damping rates shown in Figure 9. Large positive Msgnus
torque adversely sffects the damping of the precessional mode. Large nega-
tive Megnus torque of the originel Horton deeign aedversely affects its
nutational mode. Both ¢f these effects are shown by the yaw damping rates
in Figure 9. Such dynamic instability is usually ef e character which cannot
-be eliminsted by a resort to higher asxial spins or steeper twist of rifling.
Both prejectiles gyroscopically are amply steble in a twist of 1:30.

CONCLUSTIONS

The proposed design is unsatisfactory. It has considerably higher drag
than more conventional small srms bullets., Also, at certain velocities, it
gppears to be dynamically unstable at small yaws. The modified design suf-
fers, essentlially, from the same 11l1s. Although ite head drag is considersasbly
lower than that of the original design, its drag i1s still considerably -h:l.gher
* than thet of longer bullets in current use., It also suffers from the same
type of dynamic instebility probably in virtue of its relatively steep and
long ‘boattail. '

C Doaynand D PJCZMO«R

MAYNARD J. PIDDINGTON
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TABLES AND FIGURES

Table I
Table II

Average physical constants

Summery of various Aerodynamic Coefficients

Figure 1 - Drawing - Horton's design

Figure 2 - Drawing - Horton and Modified Horton
Figure 3 - Photograph - Horton

Figure 4 - Photograph - Modified Horton

Figure 5 - KD versus Mach Number

F:lgure 6 - Drag comparison of various small srms bullets versus
Mach number

Figure T - KM, KI.’ and CPN versus Mach number

Figure 8 - KE - KMA and KI' versus Mach number

Figure 9 ~ xl and 7\.2 versus Mach number

10



Weight

Grams
Horton 31.182

Modified
Horton 33.805

TARIE T

Average Physical Constents

Center of Gravity Momegts of Inertia 2
Calibers from Nose Axial gm-in“ Trensverse gm-in
2,276 .825 L. 594
1.692 .893 5.798



Round

4596
4595
459k
1599
L1601
4589

k597
4590

4390
4389
4388
4387
4379
4381
4384
4383
4382

M

1,400

1.923
2.1%0
2,285
2.408
2.470
2.538
2.549
2.968
5.150

1.574
1.908
2,080
2.1h45
2,436
2.57h
3.006
3.214
3.512

Sumery of Various Aerodynamic Coefficients

K-
D

.202
.160
.155
.151
i T
134
.13k
140
.119
113

.227
.202
192
.188
175
167
46
133
.152

Modified Horton

A.lxlO3 12x10: Kﬁ'KﬂA

2.46 fa -1.36 5.4k

&° Ky
8.44 .,8%
1.30 .819
.36
25.h7 .48
12,58 752
1.21 767
8.20 .73
21.k9 729
1.03
4.66 .T00
.30
.15
.80
2,30
.30
.20
.70
15.48 .65¢

TABLE IT

per foot
5.60 -3.82
4. 76 .3k
2.66 2.25
2,13 2.55
2.02 2.1
2.40 2.48
2.89 1.37

Horton

~.31

12

h.h2

.12
1.26

1.15

1.05
1.16

il

.68

Kp

24
Ol

-.0k
-.0k

0l

-.18

-.12

kK Oy
(cel from
nose )
S 9% 1,16

8L .97 1.21

.88 1.03 1.3
.89 1.05 1.32

86 .99 1.3:1
.90 1,04 1.35

87 .98 1.3%

-

76 .91

88 1.03



HORTON DESIGN
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HORTON M=3.0 KD=.I46




MODIFIED HORTON M=3.0
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DRAG COMPARISON OF VARIOUS
SMALL ARMS BULLETS

VS
MACH NUMBER

)
M e
ol
a6t
%
08 . - - —
1.5 20 28 30 35
" .
k]
LENGTH ™
Tvee  fovera nost | 5987 eunve
‘-/_
HORTON '4.555_ 1.793. | 1793 A ———_~<—#—- — |
MODIFIED : \ .
HORTON 3741 (1681 | 108 | 8 ,\ -
oso we |4s8 | 272 | 772 | ¢ >
CAL.0.50,M8 A . : |\ -
BULLET, BALL \
{CAL.0.60,T32 4,55 | I.64 ' D . -

% ALL DIMENSIONS ARE IN CALIBERS
FlG. 6
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